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General Considerations  
Unless indicated otherwise, reactions performed under inert atmosphere were carried out in 
oven-dried glassware in a glovebox under a nitrogen atmosphere. Anhydrous tetrahydrofuran 
(THF) was purchased from Aldrich in 18 L Pure-PacTM containers. Anhydrous dichloromethane, 
diethyl ether, and THF were purified by sparging with nitrogen for 15 minutes and then passing 
under nitrogen pressure through a column of activated A2 alumina (Zapp’s). Anhydrous 1,2-
dimethoxyethane (DME) was dried over sodium/benzophenone ketyl and vacuum-transferred 
onto molecular sieves. CD2Cl2 and CD3CN were purchased from Cambridge Isotope 
Laboratories, dried over calcium hydride, then degassed by three freeze-pump-thaw cycles and 
vacuum-transferred prior to use. 1H NMR spectra were recorded on a Varian 300 MHz 
instrument, with shifts reported relative to the residual solvent peak. 19F NMR spectra were 
recorded on a Varian 300 MHz instrument, with shifts reported relative to the internal lock 
signal. Elemental analyses were performed by Robertson Microlit Laboratories, NJ. Electrospray 
ionization mass spectrometry (ESI-MS) was performed in the positive ion mode using a LCQ ion 
trap mass spectrometer (Thermo) at the California Institute of Technology Mass Spectrometry 
Facility. 
Unless indicated otherwise, all commercial chemicals were used as received. Ca(OTf)2, 
and Zn(OTf)2 were purchased from Aldrich. Cobaltocene was purchased from Strem and 
sublimed before use. La(OTf)3 was purchased from Strem. Iodosobenzene,1 Sr(OTf)2,2 and 
Sc(OTf)3 were prepared according to literature procedures. LFe3(OAc)3 was prepared according 
to previously published procedures.4 Caution! Iodosobenzene is potentially explosive and 
should be used only in small quantities.  
 
Synthesis of 1-Ca 
In the glovebox, a round-bottom flask equipped with a stir bar was charged with LFe3(OAc)3 
(0.600 g, 0.500 mmol) and suspended in 50 mL of DME. Ca(OTf)2 (0.270 g, 0.798 mmol, 1.6 
equiv) was added leading the orange suspension to lighten in color, and the yellow-orange 
suspension was stirred at room temperature for 10 min. Iodosobenzene (0.242 g, 1.10 mmol, 2.2 
equiv) was added as a solid, and the mixture was stirred at room temperature for 10 h, turning 
from yellow-orange to dark-brown and ultimately to a orange-brown suspension. The orange-
brown solid was collected via filtration, washed with DME (3 x 10 mL), then extracted with 
dichloromethane (~ 10 mL). The orange-brown solution was dried, re-extracted with 
dichloromethane, filtered over Celite and layered with diethylether to yield an orange-brown 
solid (0.650 g, 74%). 1H NMR (CD2Cl2, 300 MHz): δ 85 (v br overlapped), 80 (v br overlapped), 
74 (v br overlapped), 68 (v br overlapped), 63 (v br overlapped), 39 (v br), 16 (br), 14, 13, 9, 4 
(br, overlapped), 3 (br overlapped), 1, 0 ppm (v br). 19F NMR (CD2Cl2): δ −76.6 (br) ppm. Anal. 
Calcd. For C68H56CaF9Fe3N6O20S3: C, 46.62; H, 3.22; N, 4.80. Found: C, 46.35; H, 3.01; N, 
4.69.  
 
Synthesis of 2-Ca 
In the glovebox, a 20 mL vial equipped with a stir bar was charged with 1-Ca (0.246 g, 0.140 
mmol) and 8 mL of CH2Cl2. A solution of cobaltocene (0.0277 g, 0.148 mmol, 1.06 equiv; 2 mL 
CH2Cl2) was added drop-wise. The mixture was stirred for 45 min then dried in vacuo. The 
residue was washed with DME until the washings were colorless to remove cobaltocenium 
triflate (identified by 1H, 19F NMR). The dark brown residue was recrystallized from 
DME/CH2Cl2/Et2O to yield the product as a dark brown solid (0.172 g, 76%). 1H NMR (CD2Cl2, 
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300 MHz): δ 144 (br, overlapped), 139 (br, overlapped), 129 (br, overlapped), 126 (br, 
overlapped), 123 (br, overlapped), 74.6, 68.8, 65.4, 62.9 (overlapped), 62.1 (overlapped), 58.5 
(overlapped), 57.5 (overlapped), 54.6, 52.1 (overlapped), 51.3 (overlapped), 33.8 (overlapped), 
32.3 (overlapped), 22.8, 17.0, 13.1, 12.4, 11.6, 11.1, 10.6 (overlapped), 10.2 (overlapped), 9.9 
(overlapped), 8.7, 8.0, 4.7 (br, overlapped with solvent), 3.6 (overlapped), 3.3 (overlapped), 2.8, 
1.2, 0.9, -1.9  ppm. 19F NMR (CD2Cl2): δ −74.4 ppm. Anal. Calcd. for C67H56CaF6Fe3N6O17S2: 
C, 50.20; H, 3.52; N, 5.24. Found: C, 50.04; H, 3.70; N, 5.15. 
 
Synthesis of 1-Sr 
In the glovebox, a round bottom flask equipped with a stir bar was charged with LFe3(OAc)3 
(0.400 g, 0.333 mmol) and  40 mL DME. Solid Sr(OTf)2 (0.206 g, 0.534 mmol, 1.6 equiv) was 
added and the mixture was stirred at room temperature for 10 min. PhIO (0.161 g, 0.733 mmol, 
2.2 equiv) was added as a solid to the vial, and the yellow suspension was stirred at room 
temperature for 10 h, turning dark brown then to an orange-brown suspension. The brown-
orange precipitate was collected over Celite and washed with DME (2 x 10 mL), then extracted 
with CH2Cl2. The brown-orange CH2Cl2 filtrate was dried in vacuo, redissolved in CH2Cl2 and 
filtered once more over Celite. DME (1 mL) was added to the solution and diffusion of ether into 
the mixture led to formation of the product as an orange-brown solid (0.476 g, 79%). 1H NMR 
(CD2Cl2, 300 MHz): δ 79 (br overlapped), 73 (br overlapped), 71 (br overlapped), 68 (br 
overlapped), 65 (br overlapped), 63 (br overlapped), 38 (v br), 16 (overlapped), 14.5 
(overlapped), 13.3 (overlapped), 9.6 (br overlapped), 9.5 (br overlapped), 4.3 (br overlapped with 
solvent), 3.6 (overlapped), 3.5 (overlapped), 1.2, -0.1 ppm (br). 19F NMR (CD2Cl2): δ −75.7 
ppm. Anal. Calcd. for C68H56F9Fe3N6O20S3Sr: C, 45.39; H, 3.14; N, 4.67. Found: C, 45.15; H, 
3.00; N, 4.60. 
 
Synthesis of 2-Sc 
In the glovebox, a scintillation vial equipped with a stir bar was charged with LFe3(OAc)3 
(0.1108 g, 0.0908 mmol), Sc(OTf)3 (0.0594 g, 0,1208 mmol, 1.33 equiv), and 10 mL 1:1 
THF/DME. The mixture was stirred at room temperature for 10 minutes during which time the 
orange suspension turned into a nearly homogenous yellow solution. PhIO (0.0419 g, 0.1906 
mmol, 2.1 equiv) was added as a solid to the reaction mixture. While stirring at room 
temperature for 15 h, a brown precipitate formed, leaving a light brown solution behind. The 
precipitate was collected over Celite and washed with 3 x 10 mL DME, then extracted with 
CH2Cl2. The filtrate was dried in vacuo. The resulting powder was redissolved in CH2Cl2,; DME 
(2 mL) was added, and diffusion of diethyl ether into the mixture led to precipitation of the 
product as a brown solid (0.1049 g, 66%). 1H NMR (CD2Cl2, 300 MHz): δ 179 (br overlapped), 
173 (br overlapped), 156 (br), 146 (br), 94 (br overlapped), 92 (br overlapped), 88, 86, 76 
(overlapped), 74, 73, 59, 48, 46, 42, 36, 19.5, 17.2, 16.5, 14.8, 11.1 (br overlapped), 9.7 (br 
overlapped), 8.7 (br overlapped), 8.1 (br overlapped), 4.8 (overlapped with solvent), 2.8, 0.4 
(overlapped with solvent), -1.6 (br) ppm. 19F NMR (CD2Cl2): δ −76.7 ppm. Anal. Calcd. For 
C68H56F9Fe3N6O20S3Sc: C, 46.49; H, 3.21; N, 4.78. Found: C, 46.22; H, 3.46; N, 4.79. 
 
Synthesis of 1-Zn 
In the glovebox, a scintillation vial equipped with a stir bar was charged with 1-Ca (0.099 g, 
0.056 mmol) and Zn(OTf)2 (0.021 g, 0.058 mmol, 1.04 equiv) in CH3CN (10 mL). The red 
solution was stirred at room temperature for 2 h, then dried in vacuo. The resulting orange-red 
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solid was dissolved in CH2Cl2 with a few drops of CH3CN and filtered over Celite. The orange-
red solution was dried, re-extracted with CH2Cl2 and a few drops of CH3CN and concentrated. 
Diffusion of Et2O into the solution at room temperature produced dark red crystals (0.095 g, 
98%). 1H NMR (CD2Cl2, 300 MHz): δ 95 (br, overlapped), 88 (br, overlapped), 82 (br, 
overlapped), 76 (br, overlapped), 73 (br, overlapped), 69 (br, overlapped), 46 (br), 16.8, 12.2 
(overlapped), 10.1 (overlapped), 4.5 (overlapped with solvent), 3.4, 2.1, 1.2, -1.1, -2.2 ppm. 19F 
NMR (CD2Cl2): δ −74.2 ppm. Anal. Calcd. For C66H49F9Fe3N7O18S3Zn: C, 45.87; H, 2.86; N, 
5.67. Found: C, 45.66; H, 2.98; N, 5.64. 
 
Synthesis of 1-La 
In the glovebox, a scintillation vial equipped with a stir bar was charged with 1-Ca (0.146 g, 
0.0832 mmol) and  5 mL CH3CN. La(OTf)2 (0.100 g, 0.171 mmol, 2 equiv) was added as a solid 
and the red solution was stirred at room temperature for 2 h, then dried in vacuo. The resulting 
orange-red paste was washed with neat CH2Cl2 then extracted with CH2Cl2 with a few drops of 
CH3CN and filtered over Celite. The orange-red solution was concentrated and 1 mL of DME 
was added. Diffusion of Et2O into the solution at room temperature produced a dark red oil that 
was dried extensively in vacuo to give an orange-red powder that was again washed with Et2O 
(0.100 g, 60%). 1H NMR (CD2Cl2, 300 MHz): δ 102 (br overlapped), 94 (br, overlapped), 87 (br, 
overlapped), 84 (br, overlapped), 81 (br, overlapped), 49 (br), 18, 15.7, 13.6, 9.9, 7.3, 4.3 
(overlapped with solvent), 3.5 (overlapped), 3.3 (overlapped), 1.9, 1.1, -2.5 ppm. 19F NMR 
(CD2Cl2): δ −76.5 ppm.  
 
Synthesis of 2-La 
In the glovebox, a 20 mL vial equipped with a stir bar was charged with 1-La (0.1095 g, 0.0548 
mmol) and 10 mL of CH2Cl2 and a few drops of CH3CN. A solution of cobaltocene (0.0104 g, 
0.0548 mmol, 1 equiv; 2 mL CH2Cl2) was added drop-wise. The mixture was stirred for 10 min 
then dried in vacuo. The residue was washed with DME until the washings were colorless. The 
dark brown residue was extracted with CH2Cl2, and the solvent evaporate in vacuo. The resulting 
brown powder was precipitated from DME/CH2Cl2/Et2O to yield the product as a dark brown 
solid (0.0850 g, 84%). 1H NMR (CD2Cl2, 300 MHz): δ 173 (br), 165 (br), 153 (br), 131 (br), 100 
(b), 90 (br), 81.9 (overlapped), 80.9 (overlapped), 76.0 (overlapped), 75.1 (overlapped), 72.8, 
68.4, 58.7 (br, overlapped), 56.3 (br, overlapped), 36.3 (overlapped), 33.7 (br, overlapped), 21.5, 
18.0, 16.4 (overlapped), 15.6 (overlapped), 15.0 (overlapped), 11.2, 8.5, 4.0 (br, overlapped), 3.4 
(overlapped),  1.2, -0.5 ppm. 19F NMR (CD2Cl2): δ −74.8 ppm. Anal. Calcd. for 
C68H56LaF9Fe3N6O20S3: C, 44.13; H, 3.05; N, 4.54. Found: C, 43.88; H, 3.24; N, 4.48. 
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Figure S1. 1H NMR (300 MHz, 25 °C) spectrum of 1-Cain CD2Cl2. 
 
Figure S2. 1H NMR (300 MHz, 25 °C) spectrum of 2-Ca in CD2Cl2. 
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Figure S3. 1H NMR (300 MHz, 25 °C) spectrum of 1-Sr in CD2Cl2. 
 
Figure S4. 1H NMR (300 MHz, 25 °C) spectrum of 2-Sc in CD2Cl2. 
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Figure S5. 1H NMR (300 MHz, 25 °C) spectrum of 1-Zn in CD2Cl2. 
 
Figure S6. 1H NMR (300 MHz, 25 °C) spectrum of 1-La in CD2Cl2/CD3CN. 
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Figure S7. 1H NMR (300 MHz, 25 °C) spectrum of 2-La in CD2Cl2.
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Mössbauer Spectroscopy 
Spectra were recorded on a spectrometer from SEE Co. operating in the constant acceleration 
mode in a transmission geometry. Spectra were recorded with the temperature of the sample 
maintained at 80 K. The sample was kept in an SVT-400 Dewar from Janis, at zero field. 
Application of a magnetic field of 54 mT parallel to the γ-beam did not cause detectable changes 
in the spectra recorded at 80 K. The quoted isomer shifts are relative to the centroid of the 
spectrum of a metallic foil of α-Fe at room temperature. Samples were prepared by grinding 
polycrystalline material into a fine powder and then mounted in a cup fitted with a screw cap as a 
boron nitride pellet. Data analysis was performed using the program WMOSS (www. 
wmoss.org) and quadrupole doublets were fit to Lorentzian lineshapes. 
 
Figure S8. Zero-field 57Fe Mössbauer spectrum for 2-Sc, 80 K. Data: black dots; spectral fit: 
green line; deconvolution: red, blue and black lines; residual: grey dots. 
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Figure S9. Zero-field 57Fe Mössbauer spectrum for 1-Sr, 80 K. Data: black dots; spectral fit: 
green line; deconvolution: red and blue lines; residual: grey dots. 
 
Figure S10. Zero-field 57Fe Mössbauer spectrum for 1-Zn, 80 K. Data: black dots; spectral fit: 
green line; deconvolution: red and blue lines; residual: grey dots. 
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Figure S11. Zero-field 57Fe Mössbauer spectrum for 1-La, 80 K. Data: black dots; spectral fit: 
green line; deconvolution: red and blue lines; residual: grey dots. 
 
Figure S12. Zero-field 57Fe Mössbauer spectrum for 2-La, 80 K. Data: black dots; spectral fit: 
green line; deconvolution: red and blue lines; residual: grey dots. 
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Table S1. Mössbauer spectral properties for compounds 1-2. 
  δ (mm/s) ⏐ ΔEQ⏐ (mm/s) LW (%) 
1-Ca 0.465 
0.439 
0.735 
1.271 
0.405 
0.379 
71 
35 
2-Ca 0.475 
1.166 
0.973 
2.067 
0.338 
0.380 
71 
35 
2-Sc 0.466 0.591 0.336 37 
 0.477 0.933 0.338 37 
 1.135 2.869 0.429 37 
1- Sr 0.470 
0.454 
0.686 
1.264 
0.605 
0.467 
76 
38 
1-Zn 0.460 
0.448 
0.551 
0.934 
0.418 
0.353 
71 
36 
1-La 0.463 
0.448 
0.663 
1.063 
0.343 
0.331 
70 
35 
2-La 0.474 0.761 0.330 75 
 1.157 2.830 0.430 37 
 
 
Electrochemical Measurements 
Electrochemical measurements were recorded with a Pine Instrument Company AFCBP1 
bipotentiostat using the AfterMath software package. 
 
Cyclic voltammograms were recorded on ca. 3 mM solutions of the relevant complexes in the 
glovebox at 20 °C with an auxiliary Pt-coil electrode, a Ag/Ag+ reference electrode (0.01 M 
AgNO3, 0.1 M nBu4NPF6 in CH3CN), and a 3.0 mm glassy carbon electrode disc (BASI). The 
electrolyte solutions were 0.1 M nBu4NPF6 in CH2Cl2:DME (9:1) for all compounds. All 
reported values are referenced to an internal ferrocene/ferrocenium couple.  
 
Table S2. E1/2 values of the [MFe3O(OH)]n+5/[MMn3O2]n+4 couple vs. Fc/Fc+ using a glassy 
carbon electrode (GCE). Values are reported in 9:1 CH2Cl2/DME. 
M GCE (V) 
1-Ca -0.490 
1-Sr -0.490 
1-Zn -0.210 
1-La -0.080 
2-Sc + 0.070 
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Crystallographic Information 
 
CCDC 966986-966991 contain the supplementary crystallographic data for this paper. These 
data can be obtained free of charge from The Cambridge Crystallographic Data Centre via 
www.ccdc.cam.ac.uk/data_request/cif. 
 
Refinement details 
In each case, crystals were mounted on a glass fiber or nylon loop using Paratone or Framblin oil 
under a nitrogen stream. Low temperature (100 K) X-ray data were obtained on a Bruker 
APEXII CCD based diffractometer (Mo sealed X-ray tube, Kα = 0.71073 Å). All diffractometer 
manipulations, including data collection, integration and scaling were carried out using the 
Bruker APEXII software.10 Absorption corrections were applied using SADABS.11 Space groups 
were determined on the basis of systematic absences and intensity statistics and the structures 
were solved by direct methods using XS12 (incorporated into SHELXTL) and refined by full-
matrix least squares on F2. All non-hydrogen atoms were refined using anisotropic displacement 
parameters. Hydrogen atoms were placed in idealized positions and refined using a riding model. 
The structure was refined (weighted least squares refinement on F2) to convergence. 
 
It should be noted that due to the size of these compounds, most crystals included solvent 
accessible voids, which tended to contain disordered solvent. In addition, due to a tendency to 
desolvate, the long range order of these crystals and amount of high angle data we were able to 
record was in some cases not ideal. These disordered solvent molecules were largely responsible 
for the alerts generated by the checkCIF protocol. In some cases, this disorder could be modeled 
satisfactorily, while in 1-Sr the disordered solvent was removed using the SQUEEZE protocol 
included in PLATON13 (vide infra). In this case, we are confident this additional electron density 
is attributable to solvent included in the crystal lattice and not unaccounted for counterions. 
Refinement details for each compound are included below.    
 
Table S3. Crystal and refinement data. 
 1-Ca 2-Ca 1-Sr 2-Sc 1-Zn 2-La 
CCDC 966987 966989 966986 966990 966991 966988 
empirical 
formula 
C82H89CaF9Fe3 
N7O24S3 
C77.25H81.63CaF6 
Fe3N6O20.56S2 
C68H56F9Fe3 
N6O20S3Sr 
C77H77Cl2F9Fe3  N6O23S3Sc 
C66H49F9Fe3 
N7O18S3Zn 
C66H56F9Fe3 
LaN6O20S3 
formula wt 2031.41 1808.93 1799.54 2005.03 1728.22 2089.28 
T (K) 100 100 100 100 100 100 
a, Å 15.0308(6) 11.8543(18) 16.2788(6) 14.5972(18) 14.292(3) 14.949(5) 
b, Å 25.1917(10) 26.583(4) 26.1544(9) 25.161(3) 14.592(3) 25.335(8) 
c, Å 23.7066(10) 25.731(4) 20.0612(7) 23.470(3) 18.666(4) 23.827(8) 
α, deg 90 90 90 90 72.48(3) 90 
β, deg 103.928(2) 93.023(8) 105.979(2) 102.693(7) 72.06(3) 102.574(8) 
γ, deg 90 90 90 90 70.67(3) 90 
V, Å3 8712.6(6) 8097(2) 8211.3(5) 8409.4(17) 3407.8 (12) 8808(5) 
Z 4 4 4 4 2 4 
cryst syst Monoclinic Monoclinic Monoclinic Monoclinic Triclinic Monoclinic 
space group P2(1)/c P2(1)/c P2(1)/n P2(1)/c P1 P2(1)/c 
dcalcd, g/cm3 1.549 1.484 1.456 1.584 1.684 1.576 
θ range, deg 2.18 to 34.03 2.20 to 22.66 1.43 to 26.37 1.6 to 36 (ϕ rotation only) 2.41 to 34.18 
S14 
µ, mm-1 0.722 0.734 1.331 0.82 (ϕ rotation only) 1.147 
abs cor Multi-scan Multi-scan Semi-empirical from equivalents 
Semi-empirical 
from equivalents Empirical Multi-scan 
GOOFc 1.032 1.042 0.965 1.10 0.829 1.086 
R1,a wR2b (I 
> 2σ(I)) 0.0664, 0.1675 0.0986, 0.2377 0.0389, 0.1190 0.1248, 0.3287 0.0869, 0.2457 0.0567, 0.1458 
  
a R1 = Σ||Fo|-|Fc|| / Σ|Fo|     b wR2 = { Σ [w(Fo2-Fc2)2] / Σ [w(Fo2)2] }1/2     c GOF = S = { Σ [w(Fo2-
Fc2)2] / (n-p) }1/2 
 
Table S4. Comparison of structural parameters for complexes 1-2 (all distances in Å). 
Complex 
(1-/2-M) 1-Zn 1-Ca 1-Sr 2-Sc 2-Ca 2-La 
M–O(µ4) 2.090(3) 2.483(2) 2.491(6) 2.121(3) 2.388(5) 2.384(2) 
M–O(H) 1.997(4) 2.332(2) 2.692(6) 2.069(3) 2.359(5) 2.401(2) 
Fe–O(H) 1.923(4) 1.881(2) 1.884(2) 1.937(3) 1.923(5) 1.927(2) 
Fe(2)–O(µ4); 
Fe(1,3)– O(µ4) 
2.006(4); 
1.950(3), 
1.965(3) 
2.023(2); 
1.927(2), 
1.945(2) 
2.021(2); 
1.929(2), 
1.884(2) 
2.005(3); 
1.931(3), 
2.211(4) 
1.928(5); 
1.904(5), 
2.140(4) 
1.996(2); 
1.915(2), 
2.225(2) 
Fe(2)–M; 
Fe(1,3)–M 
3.021(2); 
3.447,  
3.712 
3.3541(6); 
3.833, 
4.024 
3.5456(4); 
4.093, 4.157 
3.164(1); 
3.786,  
3.755 
3.310(2); 
3.960,  
3.894 
3.4159(9); 
3.984,  
3.962 
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Figure S13. Structural drawing of 1-Ca with 50% probability ellipsoids. Outer-sphere 
trifluoromethanesulfonate ions, solvent molecules, and hydrogen atoms not shown for clarity. 
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Figure S14. Structural drawing of 2-Ca with 50% probability ellipsoids. Outer-sphere 
trifluoromethanesulfonate ion, solvent molecules, and hydrogen atoms not shown for clarity. 
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Figure S15. Structural drawing of [1-Sr(DME)(OTf)](OTf)2 with 50% probability ellipsoids. 
Outer-sphere trifluoromethanesulfonate ions, solvent molecules, and hydrogen atoms not shown 
for clarity. 
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Figure S16. Structural drawing of [2-Sc(DME)(OTf)](OTf)2 with 50% probability ellipsoids. 
Outer-sphere trifluoromethanesulfonate ions, solvent molecules, and hydrogen atoms not shown 
for clarity. 
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Figure S17. Structural drawing of 1-Zn with 50% probability ellipsoids. Outer-sphere 
trifluoromethanesulfonate ions, solvent molecules, and hydrogen atoms not shown for clarity. 
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Figure S18. Structural drawing of 2-La with 50% probability ellipsoids. Outer-sphere 
trifluoromethanesulfonate ions, solvent molecules, and hydrogen atoms not shown for clarity.  
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